Aims/Introduction: The prevalence of diabetes mellitus is increasing rapidly in Japan, and diabetic neuropathy is a major factor decreasing diabetic patients' quality of life, as well as a risk factor for sudden death. The present study aimed to determine the prevalence of diabetic neuropathy and raise awareness about it among patients and their physicians. Materials and Methods: Diabetic outpatients (N = 5077) at 249 medical institutions within Kanagawa Prefecture, Japan, were surveyed by questionnaire and underwent foot examinations. The questionnaire included 10 questions about sensory abnormalities of both feet, muscle cramps and autonomic symptoms. Foot examinations included testing for vibratory perception of the medial malleolus, Achilles tendon reflexes and touch sensation of the bottom of the great toe using tissue paper. Results: Of the 5077 patients surveyed, 70.4% reported symptoms. Overall, 75.4% of the patients underwent vibratory perception testing, of whom 44.9% had abnormal thresholds (£10 s). On the tissue paper touch test, performed in 94.6% of patients, 11.9% had no touch sensation. Of the 2803 type 2 diabetic patients with known background factors who underwent foot examinations, 49.4% had diabetic neuropathy. There was a high prevalence of diabetic neuropathy (36.1%) in patients with <5-year history. Of the patients with no touch sensation on the tissue paper test, 81.3% had diabetic neuropathy. Conclusions: The present study identified the prevalence of diabetic neuropathy in Kanagawa Prefecture. The tissue paper test is a simple and excellent method of evaluating decreased superficial sensation that can help evaluate the severity of diabetic neuropathy. (J Diabetes Invest,
INTRODUCTION
According to a National Health and Nutrition Survey conducted in 2007 1 , the number of persons strongly suspected of having diabetes, compared to a Diabetes Survey conducted 10 years earlier in 1997 2 , increased by 2 million to about 8.9 million, and when persons in whom the possibility of diabetes could not be ruled out were also included, the number increased by 8.4 million, to about 22.1 million 3 . Recognizing the need to deal aggressively with this dramatic increase in diabetes, the Kanagawa Physicians Association established a Diabetes Committee in 2000, began educational activities for healthcare professionals and patients, and initiated survey research on diabetes. The aim of the present study was to investigate the prevalence of diabetic neuropathy (DN) and raise awareness about DN among patients and their physicians. This survey on DN was conducted independently by the Diabetes Committee of the Kanagawa Physicians Association.
Leg numbness and pain due to DN markedly decrease patient QOL 4 . As peripheral neuropathy progresses, this numbness and pain is lost, hypoesthesia (diminished sensation) develops, and the risk of diabetic foot lesions increases. If autonomic neuropathy progresses, not only is QOL diminished, but this becomes a risk factor for sudden death [4] [5] [6] . To prevent decreased QOL due to DN, and to prevent development of diabetic foot lesions and sudden death, DN must be diagnosed at a mild stage and treated appropriately 7, 8 . The diagnosis of DN requires comprehensive evaluation, which besides a patient's subjective symptoms, includes objective tests such as Achilles tendon reflexes, vibration perception thresholds and peripheral nerve conduction. Testing of Achilles tendon reflexes is convenient, useful, and performed on a relatively widespread basis, but testing of vibratory perception using a tuning fork is not widely performed. In addition, besides vibratory perception, testing of touch, 1 Diabetic Neuropathy Study Group of the Diabetes Committee, Kanagawa Physicians Association, and pressure, temperature, and pain sensation is not usually routinely performed in clinical practice.
Therefore, in this study, in addition to the Achilles tendon reflex and vibratory perception, which have been traditionally used in the clinical diagnosis of DN, a simple touch test using tissue paper was also performed, and its significance and usefulness in diagnosing DN were examined.
MATERIALS AND METHODS

Subjects
This study was conducted between September 2004 and May 2006 and involved 5077 diabetic outpatients at 249 clinics and hospitals in Kanagawa Prefecture, Japan. The present study was carried out in accordance with the Declaration of Helsinki and its amendments. The Ethics Committee of the Kanagawa Physicians Association gave its approval for the study. The subjects' written, informed consent was not required by the approved protocol; subjects gave their oral consent before any procedures were undertaken.
Methods
Before undertaking this study, we conducted more than 20 lectures in order to control and standardize the testing procedures and maintain the quality of this prefecture-wide study. After attending these lectures, participating physicians were supplied with photographs and DVDs of the procedures for conducting the tissue paper test and measuring Achilles tendon reflexes and vibration perception.
A questionnaire survey of subjective symptoms and examination of the feet were performed. The questionnaire about subjective symptoms included a total of 10 questions about sensory abnormalities of both feet (tips and soles) (numbness/tingling, pain, cold sensation, hypoesthesia, dysesthesia, paresthesia), muscle cramps, and autonomic symptoms (dizziness, gastrointestinal symptoms, sudomotor dysfunction). Each question had four potential responses: 'none,' 'mild,' 'moderate,' or 'severe' (see Supporting Information).
Examination of the feet included vibratory perception of the medial malleolus using a C128 tuning fork, Achilles tendon reflexes while assuming a tall kneeling position, and touch sensation of the bottom of the great toe using tissue paper.
For vibratory perception of the medial malleolus using a C128 tuning fork, the results were considered abnormal if the time after application of the tuning fork until vibration was no longer felt was £10 s. If the Achilles tendon reflex was decreased or absent, the results were considered abnormal.
The tissue paper test was performed according to the method of Kurita et al. 7, 9 . In brief, a single tissue was folded twice lengthwise. Holding the center, the paper tip was used to lightly touch the bottom of the great toe. Instructions about the test procedure, including photographs, were provided. The results were reported in three categories: 'usual sensation (normal),' 'slight sensation (diminished),' and 'no sensation (loss of touch sensation).' A total of 2803 type 2 diabetic patients who answered the questionnaire about subjective symptoms, were examined for vibratory perception of the medial malleolus using a C128 tuning fork, Achilles tendon reflexes, and the tissue paper test. The background factors of these patients such as sex, age, and duration of disease were known, the presence or absence of DN was judged based on the 'Abbreviated Diagnostic Criteria for Diabetic Polyneuropathy,' proposed by the Diabetic Neuropathy Study Group in Japan 10 . This was compared with patient profiles and clinical features.
Specifically, DN was diagnosed if any two of the following three criteria were met: on the questionnaire for subjective symptoms, there was a sensory abnormality, other than cold sensation, of both feet (numbness/tingling, pain, hypoesthesia, paresthesia, dysesthesia); bilateral Achilles tendon reflexes were decreased or absent; and vibratory perception of the medial malleolus using a C128 tuning fork was £10 s.
The results are shown as mean ± standard deviation. Statistical analysis was performed using the chi-square test or the Mann-Whitney U test. The level of significance was <5%. HbA1c is expressed by National Glycohemoglobin Standardization Program (NGSP) units. Table 1 shows the patient profiles. There were 145 patients (2.9%) with type 1 diabetes, 4182 (82.4%) with type 2 diabetes, and 750 (14.8%) with type unknown (14.8%). Thus, the majority of patients had type 2 diabetes. There were 2721 males (53.6%) and 2302 females (45.3%). The mean age was 64 ± 12 years, and the duration of diabetes was 10 ± 8 years. The mean BMI was 24.2 ± 3.9 kg/m 2 , including 1842 (36.3%) overweight or obese patients with a BMI ‡ 25 kg/m 2 . The mean HbA1c was 7.8% ± 1.5% in NGSP units. Treatment for diabetes included diet and exercise therapy alone in 915 patients (18.0%), an oral hypoglycemic agent in 3300 (65.0%), and insulin in 862 (17.0%). In addition, 852 patients (16.8%) were receiving medication for neuropathy.
RESULTS
Patient Profiles
Subjective Symptoms
The questionnaire regarding subjective symptoms (Table 2 ) was completed by all 5077 patients. Of the seven questions about sensory abnormalities, the most frequent response was cold sensation (33.8% of patients). This was followed by numbness/ tingling (26.2%) and hypoesthesia (17.8%), which were also relatively frequent.
Of the 10 specific questions regarding DN, the most frequent response was for muscle cramps in 40.7% of patients. For the three questions about autonomic neuropathy, the responses were dizziness/light-headedness in 27.6%, gastrointestinal disturbances in 31.9%, and sudomotor dysfunction in 20.8%. The prevalence of each was higher than that of hypoesthesia. Examination of Feet Vibratory perception of the medial malleolus Vibratory perception of the medial malleolus (Table 2 ) was evaluated in 3826 patients (75.4%). Of the patients who had vibratory perception testing, 70.4% had abnormal results (£10 s). Although not shown in Table 2 , when £9 s was defined as abnormal, 56.5% had abnormal results.
Achilles tendon reflexes
Achilles tendon reflexes were evaluated in 5001 patients (98.5%). The results were bilaterally normal in 48.2%, unilaterally abnormal in 6.9%, and bilaterally abnormal in 44.9%.
Tissue paper test
The tissue paper test was performed in 4805 patients (94.6%). The results were normal in 68.6%, diminished in 19.5%, and loss of touch sensation in 11.9%. The presence or absence of DN was judged in 2803 type 2 diabetic patients who answered the questionnaire about subjective symptoms. The patients were examined for vibratory perception of the medial malleolus using a C128 tuning fork, Achilles tendon reflexes, and the tissue paper test, and their patient profiles (sex, age, duration of diabetes, BMI, HbA1c) were known. Overall, 1384 patients (49.4%) were diagnosed with DN. Of these patients, 519 patients (37.5% of patients diagnosed with DN and 18.5% of all patients), had asymptomatic DN, without any sensory abnormalities (other than cold sensation) of both feet.
Diagnosis of Diabetic
Comparison of two groups based on presence or absence of diabetic neuropathy Table 3 compares the clinical profiles of the two groups based on the presence or absence of DN. There were no significant differences with respect to diabetes type, sex, BMI, or obesity. Patients with DN were significantly older, had longer duration of diabetes, and higher HbA1c levels. Regarding diabetes treatment, in the DN group, few patients were being treated with diet and exercise therapy alone, whereas many were receiving insulin. Medication for neuropathy, including aldose reductase inhibitors and vitamin B12, was being taken by 26.8% in the DN group, but only 7.0% in the non-DN group. Thus, prescription of medication for neuropathy was significantly more common in the DN group.
On the tissue paper test, in the DN group, 29.5% had diminished sensation, and 19.8% had loss of touch sensation. Compared to the non-DN group, diminished or loss of touch sensation was significantly more frequent.
Prevalence of diabetic neuropathy by age, duration of diabetes, and HbA1c
The prevalence of DN increased with age (Table 4) , reaching 58.3% in patients ‡70 years old. The prevalence of DN was high (36.2%) even in patients with diabetes <5 years, increased with longer duration of diabetes, and reached 66.8% in patients with diabetes for ‡20 years. The prevalence of DN was 41.1% with an HbA1c <6.0%, increased with a higher HbA1c, and reached 58.8% with an HbA1c ‡9.0%.
Diagnostic Efficiency of the Tissue Paper Test for DN
The diagnostic efficiency for DN of the tissue paper test was evaluated, with 'loss of touch sensation' defined as a positive test. The sensitivity was 19.8%, the specificity was 95.6%, the positive predictive value was 81.3%, and the negative predictive value was 55.0%.
DISCUSSION
In this study, completed questionnaires about subjective symptoms were received from a large number of patients. Obtaining information about subjective symptoms related to DN using an interview sheet did not require much time or effort, and patient cooperation was easily obtained. This may be a useful method to diagnose DN and provide education about DN. The questionnaire included seven subjective symptoms suggesting peripheral neuropathy, muscle cramps, and three subjective symptoms suggesting autonomic neuropathy. Muscle cramps and cold sensation were relatively frequent, and although they suggest the possibility of DN at an early stage, these symptoms are also frequent in other disorders, including intervertebral disc herniation and arteriosclerosis obliterans. To diagnose DN, a more thorough examination of objective findings is necessary.
The frequency of six subjective symptoms, excluding cold sensation, that suggest peripheral neuropathy ranged from 8.0% to 26.2%, which was lower than other objective findings. Based on these subjective symptoms alone, early diagnosis of DN would be difficult. Moreover, 37.5% of the patients who were diagnosed with DN based on the 'Abbreviated Diagnostic Criteria for Diabetic Polyneuropathy' 10 had asymptomatic DN without any subjective symptoms that suggested peripheral neuropathy. Therefore, to properly diagnose DN, in addition to a history of subjective symptoms, comprehensive evaluation of various objective findings is required.
Based on the 'Abbreviated Diagnostic Criteria for Diabetic Polyneuropathy 10 ,' 49.4% of the present patients were diagnosed with DN. In a report by the Japan Promotion Council for Diabetes Prevention 11 , based on the same diagnostic criteria used in the present study, of 67,114 patients, 47.1% were diagnosed with DN, a prevalence rate similar to that in the present study. On the other hand, in a study of 15,000 patients by the Tohoku Diabetic Complication Forum Project 12 , although diagnostic criteria similar to those of the present study were used, abnormal vibratory perception was defined as £9 s, instead of £10 s, and 35.8% of patients were diagnosed with DN. In the present study, when abnormal vibratory perception was defined as £9 s, the prevalence of patients diagnosed with DN decreased 12 , age (64.2 ± 11.9 years), BMI (24.4 ± 4.2 kg/m 2 ), duration of diabetes (9.7 ± 7.7 years), and HbA1c (7.8% ± 2.5%) did not differ greatly from our study. However, in the present study, the prevalence of DM was examined in a population limited to type 2 diabetic patients in whom subjective symptoms, vibratory perception, Achilles tendon reflex, tissue paper test results, and patient profiles (sex, age, duration of diabetes, BMI, and HbA1c) were all known. Therefore, many patients with severe neuropathy may have been included.
Meanwhile, in a study of DN by the Japan Physicians Association Research Group 13 , of 12,821 patients with diabetes, 36.7% were diagnosed with DN based on evaluation by their attending physician without any specific criteria. Based on diagnostic criteria using a scoring method established by the Japan Physicians Association Research Group 13 , 28.2% of all patients were diagnosed with DN, including 32.2% of type 1 diabetic patients and 27.9% of type 2 diabetic patients. Because of differences in diagnostic criteria, a direct comparison cannot be made, but with regard to the prevalence of DN based on duration of diabetes, an already high rate of 15% in type 2 diabetes with <1-year duration and up to 62% in type 2 diabetes with ‡30-year duration have been reported 11 . Thus, as in the present study, a high prevalence of DN, compared to other complications, was demonstrated early in the disease history, with a marked increase in prevalence as the duration of the disease increased.
In the present study, 35% of the patients were ‡70 years old. In older persons, taking into account decreased vibratory perception with aging, vibration abnormalities should be assessed. However, because evaluation criteria by age group do not exist, in this study, vibratory perception of the medial malleolus for £10 s was uniformly considered abnormal. This is probably the main reason for the high rate of vibration abnormalities. If we limit the cases to the 1816 patients <70 years of age, 51.9% had abnormal vibration perception, 42.1% had abnormal Achilles tendon reflexes, and the prevalence of neuropathy decreased to 44.5%.
Simple touch tests performed at the bedside have included use of a brush or absorbent cotton, but the tissue paper test is also a touch test, which, like others, is convenient and can be easily performed by anyone. In the present study, like the Achilles tendon reflexes, this test was performed in ‡90% of patients, a result that supports the convenience of testing. In clinical settings, use of a monofilament as a method to evaluate tactile pressure sensation is well known. In particular, consensus has been reached on using a 5.07 size monofilament applied at a pressure of 10 g as a tool for screening patients with severe sensory disturbances who are at high risk for foot lesions 14 . In addition, the authors have previously reported that, with a 4.17 size monofilament applied at a pressure of 1 g, if there is absence of sensation, there is a high likelihood of mild to moderate sensory disturbance 15 . The tissue paper test, which evaluates tactile pressure sensation with a force of about 0.6 g, is a method of assessing even milder sensory disturbance than with a 4.17 size monofilament. In addition, the tissue paper test, compared to Achilles tendon reflexes, is reported to correlate more strongly with distal action potentials and may be able to detect even milder peripheral neuropathy 7 . However, besides a very weak applied force, because tissue paper has little elasticity, and the applied force can easily vary, test accuracy may be limited.
The tissue paper test, if 'loss of touch sensation' is defined as a positive test, has a high positive predictive value for diagnosing DN. In other words, with the tissue paper test, if there is 'loss of touch sensation,' DN can be diagnosed at a high rate of 82.6%, making this a useful diagnostic test. However, since the negative predictive value is low, DN cannot be ruled out if testing is negative. Therefore, based on the tissue paper test alone, diagnosing DN is difficult. Comprehensive evaluation is necessary, including subjective symptoms, Achilles tendon reflexes, and vibratory perception.
In a touch test using a monofilament, reproducibility is higher than in touch tests using tissue paper, a brush, or cotton. Furthermore, semiquantitative evaluation is possible. However, many medical clinics do not have monofilaments, and widespread use would be too costly (although much cheaper than electrophysiologic test equipment). Tissue paper, however, is available or can easily be obtained by almost all clinics. Reproducibility may be inferior compared to a monofilament, but if we limit this to 2-ply tissue paper (almost all tissue paper in Japan is this type), then as a substitute corresponding to a monofilament with a mild pressure of 0.6-1.0 g, the touch test, even in routine outpatient settings, can be easily performed 10 . In actual clinical practice, DN must not only be diagnosed, but its severity must be assessed for proper treatment. As noted in the 'Stage Classification of Diabetic Polyneuropathy' by the Japanese Study Group of Diabetic Neuropathy
